Appendix B
Incomplete Data Analysis
Introduction

Nine PM2.5 monitoring sites in Indiana produced data for 2005-2007 that is deemed incomplete due to missing data, meaning that the 2005-2007 average value cannot be truly determined.  Four of those monitors (Jasper Sports Complex, Jasper Golf Course, Gary Water Plant and South Bend Shields Dr) have only been monitoring for a short amount of time and do not have three years of data to determine the 2005-2007 design value.  The other five monitors (Shenandoah, Elkhart, Highland, Michigan City and Terre Haute-Lafayette St) deemed incomplete have periods of missing data due to various reasons.  
U.S. EPA’s monitoring guidance stipulates that a minimum of 75% of the data per quarter must be available in order to determine if the design value represents attainment.  If less than 75% of the data is valid, then the maximum quarterly value for that given quarter over the three-year period is substituted for all missing samples for that quarter.  This method is obviously a very conservative methodology for calculating an average value.  In determining whether a monitor with incomplete data attains the daily PM 2.5 standard, U.S. EPA encourages states to explore alternative methods for evaluating the data.  Although according to the Guideline on Data Handling Conventions for the PM NAAQS, issued April 1999, U.S. EPA states that the incomplete design value is still identified as the monitors true design value.  Therefore, an analysis of missing data was conducted and this section details the scenarios for filling in the missing data.  
Calculation of the Daily PM2.5 Standard

The U.S. EPA developed a “Guideline for Data Handling Conventions for the PM NAAQS”, released in April 1999, to assess compliance with the standard.  The daily PM2.5 standard was set at 65.0 micrograms per cubic meter (µg/m3).  On September 21, 2006 U.S. EPA revised the daily PM2.5 standard and lowered it to 35 µg/m3 .  The daily standard is met when the 3-year average of the 98th percentile of the 24-hour concentrations at each monitor in an area is less than or equal to 35.0 µg/m3.  Any design value above this is a violation of the standard.  

Missing Data Review 

Jasper Sports Complex

The Jasper Sports Complex monitor located in Jasper, Indiana in Dubois County began operation on February 1, 2006.  This monitor has only been monitoring for a short amount of time and does not have three full years of data to determine the 2005-2007 design value.  According to U.S. EPA guidance, the 2005-2007 design value and monitoring data for the Jasper Sports Complex monitor is incomplete and no data substitutions were done. 
Jasper Golf Course

The Jasper Golf Course monitor located in Jasper, Indiana in Dubois County began operation on February 1, 2006.  This monitor has only been monitoring for a short amount of time and does not have three full years of data to determine the 2005-2007 design value.  According to U.S. EPA guidance, the 2005-2007 design value and monitoring data for the Jasper Golf Course monitor is incomplete and no data substitutions were done. 

Gary Water Plant

The Gary Water Plant monitor located in Gary, Indiana in Lake County began operation on July 1, 2005.  This monitor has only been monitoring for a short amount of time and does not have three full years of data to determine the 2005-2007 design value.  According to U.S. EPA guidance, the 2005-2007 design value and monitoring data for the Gary Water Plant monitor is incomplete and no data substitutions were done. 

South Bend Shields Dr

The South Bend Shields Dr monitor located in South Bend, Indiana in St. Joseph County began operation on June 6, 2006.  This monitor has only been monitoring for a short amount of time and does not have three full years of data to determine the 2005-2007 design value.  According to U.S. EPA guidance, the 2005-2007 design value and monitoring data for the South Bend Shields Dr monitor is incomplete and no data substitutions were done. 

Elkhart

During the third quarter of 2005 the Elkhart monitor located in Elkhart County, Indiana, Site ID 18-039-0003, recorded an overall Valid Data Return (VDR) for PM2.5 of 30% for the third quarter.  For the remaining quarters of 2005 the Elkhart monitor had an overall valid VDR over 75% and specifically was 93% for the first quarter; 100% for the second quarter, and 94% for the fourth quarter.  Also during the first quarter of 2007 the Elkhart monitor recorded an overall VDR of 58% for the first quarter.  For the remaining quarters of 2007 the Elkhart monitor had an overall valid VDR over 75% and specifically was 95% for the second quarter, 89% for the third quarter and 76% for the fourth quarter.  According to U.S. EPA guidance, the 2005-2007 design value and monitoring data for the Elkhart monitor located in Elkhart County, Indiana is incomplete. The U.S. EPA required VDR is 75%.    

Examining the third quarter of 2005 for the Elkhart monitor, there were 21 total days that had missing data.  All 21 days in the third quarter with missing data were a result of a calibration.  The dates in the third quarter of 2005 that data was missing at the monitor are July 15-September 13, 2005.  The Elkhart monitor had 37 days with missing data in the first quarter of 2007 with various qualifier codes including Machine Malfunction, Collection Error, Filter Damage, Sample Time out of Limits and Maintenance/Routine Repairs.  The dates in the first quarter of 2007 that the data was missing at the Elkhart monitor are Jan 6-8, 14-16, 27-29, February 3-13, 15, 18, 21, 28 and March 1-6, 9-14, and 20.  

IDEM conducted an analysis of the missing data during the third quarter of 2005 and the first quarter of 2007 for the Elkhart monitor and the table below provides a summary of the captured data for 2005 and 2007 along with alternate methods for evaluating and substituting for the missing data.  
	Elkhart Monitor (180390003) Data Substituted for 2005 Only

	 
	AVERAGE A                   Average based on no substitution.  Using this average makes the data incomplete since the required VDR is 75% and the 3rd Quarter 2005 VDR is only 30%.
	AVERAGE B                       Average based on substituting historic high value for any day that had missing data in the 3rd Quarter of 2005.  The historic high value of 39.4 is the highest value that occurred in the 3rd Quarter on September 8, 2002.
	AVERAGE C                           Average based on substituting highest value that occurred in the 3rd Quarter of the years 2005-2007 for any day that had missing data in the 3rd Quarter of 2005.  The highest value in the 3rd Quarter for the years 2005-2007 of 33.2 occurred in the 3rd Quarter of 2007 on September 6.
	AVERAGE D                     Average based on substituting 3rd Quarter 2005 quarterly max for any day that had missing data in the 3rd Quarter of 2005.  The 3rd Quarter 2005 quarterly max is 26.7 which occurred on September 22, 2005.
	AVERAGE E                      Average based on substituting the average of the 3rd Quarter values from years 2006 and 2007 for any day that had missing data in the 3rd Quarter of 2005.  The average of the 3rd Quarter values from the years 2006 and 2007 is 13.56.
	AVERAGE F Average based on substituting the average of the 1st, 2nd, and 4th Quarters from 2005 for any day that had missing data in the 3rd Quarter of 2005.  The average of the 1st, 2nd and 4th Quarters of 2005 is 15.1.

	2004 98th %
	31.4
	31.4
	31.4
	31.4
	31.4
	31.4

	2005 98th %
	40.8
	39.4
	36.2
	36.2
	36.2
	36.2

	2006 98th %
	25.5
	25.3
	25.3
	25.3
	25.3
	25.3

	2007 98th %
	34.6
	34.6
	34.6
	34.6
	34.6
	34.6

	04-06 Design Value
	32.567 (33)
	32.033 (32)
	30.967 (31)
	30.967 (31)
	30.967 (31)
	30.967 (31)

	05-07 Design Value
	33.633 (34)
	33.1 (33)
	32.033 (32)
	32.033 (32)
	32.033 (32)
	32.033 (32)

	Calculation for 2005 98%
	97 values*0.98 % = 95.06 truncate to interger 95 add 1 = 96 value at 96th ranking is 40.8 so 40.8 is the 98th % for 2005
	118 values *0.98% = 115.64 truncate to interger 115 add 1 = 116 value at 116th ranking is 39.4 so 39.4 is the 98th % for 2005 using this substitution
	118 values *0.98% = 115.64 truncate to interger 115 add 1 = 116 value at 116th ranking is 36.2 so 36.2 is the 98th % for 2005 using this substitution
	118 values *0.98% = 115.64 truncate to interger 115 add 1 = 116 value at 116th ranking is 36.2 so 36.2 is the 98th % for 2005 using this substitution
	118 values *0.98% = 115.64 truncate to interger 115 add 1 = 116 value at 116th ranking is 36.2 so 36.2 is the 98th % for 2005 using this substitution
	118 values *0.98% = 115.64 truncate to interger 115 add 1 = 116 value at 116th ranking is 36.2 so 36.2 is the 98th % for 2005 using this substitution

	Elkhart Monitor (180390003) Data Substituted for 2007 Only

	 
	AVERAGE A                   Average based on no substitution.  Using this average makes the data incomplete since the required VDR is 75% and the 1st Quarter 2007 VDR is only 58%.
	AVERAGE B                       Average based on substituting historic high value for any day that had missing data in the 1st Quarter of 2007.  The historic high value of 60.7 is the highest value that occurred in the 1st Quarter on March 1, 2003
	AVERAGE C                           Average based on substituting highest value that occurred in the 1st Quarter of the years 2005-2007 for any day that had missing data in the 1st Quarter of 2007.  The highest value in the 1st Quarter for the years 2005-2007 of 51.7 occurred in the 1st Quarter of 2005 on February 3.
	AVERAGE D                     Average based on substituting 1st Quarter 2007 quarterly max for any day that had missing data in the 1st Quarter of 2007.  The 1st Quarter 2007 quarterly max is 28.8 which occurred on February 20, 2007.
	AVERAGE E                      Average based on substituting the average of the 1st Quarter values from years 2005 and 2006 for any day that had missing data in the 1st Quarter of 2007.  The average of the 1st Quarter values from the years 2005 and 2006 is 15.01.
	AVERAGE F                        Average based on substituting the average of the 2nd, 3rd, and 4th Quarters from 2007 for any day that had missing data in the 1st Quarter of 2007.  The average of the 1st, 2nd and 3rd Quarters of 2007 is 13.99.

	2004 98th %
	31.4
	31.4
	31.4
	31.4
	31.4
	31.4

	2005 98th %
	40.8
	40.8
	40.8
	40.8
	40.8
	40.8

	2006 98th %
	25.3
	25.3
	25.3
	25.3
	25.3
	25.3

	2007 98th %
	34.6
	60.7
	51.7
	33.2
	33.2
	33.2

	04-06 Design Value
	32.567 (33)
	32.567 (33)
	32.567 (33)
	32.567 (33)
	32.567 (33)
	32.567 (33)

	05-07 Design Value
	33.633 (34)
	42.267 (42)
	39.267 (39)
	33.1 (33)
	33.1 (33)
	33.1 (33)

	Calculation for 2007 98% 
	289 values*0.98 % = 283.22 truncate to interger 283 add 1 = 284 value at 284th ranking is 34.6 so 34.6 is the 98th % for 2007
	326 values *0.98% = 319.48 truncate to interger 319 add 1 = 320 value at 320th ranking is 60.7 so 60.7 is the 98th % for 2007 using this substitution
	326 values *0.98% = 319.48 truncate to interger 319 add 1 = 320 value at 320th ranking is 51.7 so 51.7 is the 98th % for 2007 using this substitution
	326 values *0.98% = 319.48 truncate to interger 319 add 1 = 320 value at 320th ranking is 33.2 so 33.2 is the 98th % for 2007 using this substitution
	326 values *0.98% = 319.48 truncate to interger 319 add 1 = 320 value at 320th ranking is 33.2 so 33.2 is the 98th % for 2007 using this substitution
	326 values *0.98% = 319.48 truncate to interger 319 add 1 = 320 value at 320th ranking is 33.2 so 33.2 is the 98th % for 2007 using this substitution


	Elkhart Monitor (180390003) 2005 and 2007 Calculations

	 
	AVERAGE A 2005                   Average based on no substitution.  Using this average makes the data incomplete since the required VDR is 75% and the 3rd Quarter 2005 VDR is only 30%.
	AVERAGE B 2005                       Average based on substituting historic high value for any day that had missing data in the 3rd Quarter of 2005.  The historic high value of 39.4 is the highest value that occurred in the 3rd Quarter on September 8, 2002.
	AVERAGE C 2005                           Average based on substituting highest value that occurred in the 3rd Quarter of the years 2005-2007 for any day that had missing data in the 3rd Quarter of 2005.  The highest value in the 3rd Quarter for the years 2005-2007 of 33.2 occurred in the 3rd Quarter of 2007 on September 6.
	AVERAGE D 2005                     Average based on substituting 3rd Quarter 2005 quarterly max for any day that had missing data in the 3rd Quarter of 2005.  The 3rd Quarter 2005 quarterly max is 26.7 which occurred on September 22, 2005.
	AVERAGE E 2005                      Average based on substituting the average of the 3rd Quarter values from years 2006 and 2007 for any day that had missing data in the 3rd Quarter of 2005.  The average of the 3rd Quarter values from the years 2006 and 2007 is 13.56.
	AVERAGE F 2005                  Average based on substituting the average of the 1st, 2nd, and 4th Quarters from 2005 for any day that had missing data in the 3rd Quarter of 2005.  The average of the 1st, 2nd and 4th Quarters of 2005 is 15.1.

	 
	AVERAGE A 2007                   Average based on no substitution.  Using this average makes the data incomplete since the required VDR is 75% and the 1st Quarter 2007 VDR is only 58%.
	AVERAGE B 2007                       Average based on substituting historic high value for any day that had missing data in the 1st Quarter of 2007.  The historic high value of 60.7 is the highest value that occurred in the 1st Quarter on March 1, 2003
	AVERAGE C 2007                           Average based on substituting highest value that occurred in the 1st Quarter of the years 2005-2007 for any day that had missing data in the 1st Quarter of 2007.  The highest value in the 1st Quarter for the years 2005-2007 of 51.7 occurred in the 1st Quarter of 2005 on February 3.
	AVERAGE D 2007                     Average based on substituting 1st Quarter 2007 quarterly max for any day that had missing data in the 1st Quarter of 2007.  The 1st Quarter 2007 quarterly max is 28.8 which occurred on February 20, 2007.
	AVERAGE E 2007                      Average based on substituting the average of the 1st Quarter values from years 2005 and 2006 for any day that had missing data in the 1st Quarter of 2007.  The average of the 1st Quarter values from the years 2005 and 2006 is 15.01.
	AVERAGE F 2007                        Average based on substituting the average of the 2nd, 3rd, and 4th Quarters from 2007 for any day that had missing data in the 1st Quarter of 2007.  The average of the 1st, 2nd and 3rd Quarters of 2007 is 13.99.

	2004 98th %
	31.4
	31.4
	31.4
	31.4
	31.4
	31.4

	2005 98th %
	40.8
	39.4
	36.2
	36.2
	36.2
	36.2

	2006 98th %
	25.3
	25.3
	25.3
	25.3
	25.3
	25.3

	2007 98th %
	34.6
	60.7
	51.7
	33.2
	33.2
	33.2

	04-06 Design Value
	32.567 (33)
	32.033 (32)
	30.967 (31)
	30.967 (31)
	30.967 (31)
	30.967 (31)

	05-07 Design Value
	33.633 (34)
	41.8 (42)
	37.733 (38)
	31.567 (32)
	31.567 (32)
	31.567 (32)

	Calculation for 2005 98%
	97 values*0.98 % = 95.06 truncate to interger 95 add 1 = 96 value at 96th ranking is 40.8 so 40.8 is the 98th % for 2005
	118 values *0.98% = 115.64 truncate to interger 115 add 1 = 116 value at 116th ranking is 39.4 so 39.4 is the 98th % for 2005 using this substitution
	118 values *0.98% = 115.64 truncate to interger 115 add 1 = 116 value at 116th ranking is 36.2 so 36.2 is the 98th % for 2005 using this substitution
	118 values *0.98% = 115.64 truncate to interger 115 add 1 = 116 value at 116th ranking is 36.2 so 36.2 is the 98th % for 2005 using this substitution
	118 values *0.98% = 115.64 truncate to interger 115 add 1 = 116 value at 116th ranking is 36.2 so 36.2 is the 98th % for 2005 using this substitution
	118 values *0.98% = 115.64 truncate to interger 115 add 1 = 116 value at 116th ranking is 36.2 so 36.2 is the 98th % for 2005 using this substitution

	Calculation for 2007 98%
	289 values*0.98 % = 283.22 truncate to interger 283 add 1 = 284 value at 284th ranking is 34.6 so 34.6 is the 98th % for 2007
	326 values *0.98% = 319.48 truncate to interger 319 add 1 = 320 value at 320th ranking is 60.7 so 60.7 is the 98th % for 2007 using this substitution
	326 values *0.98% = 319.48 truncate to interger 319 add 1 = 320 value at 320th ranking is 51.7 so 51.7 is the 98th % for 2007 using this substitution
	326 values *0.98% = 319.48 truncate to interger 319 add 1 = 320 value at 320th ranking is 33.2 so 33.2 is the 98th % for 2007 using this substitution
	326 values *0.98% = 319.48 truncate to interger 319 add 1 = 320 value at 320th ranking is 33.2 so 33.2 is the 98th % for 2007 using this substitution
	326 values *0.98% = 319.48 truncate to interger 319 add 1 = 320 value at 320th ranking is 33.2 so 33.2 is the 98th % for 2007 using this substitution


Shenandoah

During the fourth quarter of 2006 the Shenandoah monitor located in Henry County, Indiana, Site ID 18-065-0003, recorded an overall Valid Data Return (VDR) for PM2.5 of 45% for the fourth quarter.  For the remaining quarters of 2006 the Shenandoah monitor had an overall valid VDR over 75% and specifically was 100% for the first quarter; 86% for the second quarter, and 100% for the third quarter.  According to U.S. EPA guidance, the 2005-2007 design value and monitoring data for the Shenandoah monitor located in Henry County, Indiana is incomplete. The U.S. EPA required VDR is 75%.    

Examining the fourth quarter of 2006 for the Shenandoah monitor, there were 17 total days that had missing data with various qualifier codes including Machine Malfunction, Miscellaneous Void, Filter Damage, Sample Time out of Limits and Collection Error.  The dates in the fourth quarter of 2006 that the data was missing at the Shenandoah monitor are October 11-16, 28, November 4-7, 16-22 and December 1, 13-31st..  

IDEM conducted an analysis of the missing data during the fourth quarter of 2006 for the Shenandoah monitor and the table below provides a summary of the captured data for 2006 along with alternate methods for evaluating and substituting for the missing data.  
	Shenandoah Monitor (180650003) 

	 
	AVERAGE A                   Average based on no substitution.  Using this average makes the data incomplete since the required VDR is 75% and the 4th Quarter 2006 VDR is only 45%.
	AVERAGE B                       Average based on substituting historic high value for any day that had missing data in the 4th Quarter of 2006.  The historic high value of 36.2 is the highest value that occurred in the 4th Quarter on November 18, 2001.
	AVERAGE C                           Average based on substituting highest value that occurred in the 4th Quarter of the years 2005-2007 for any day that had missing data in the 4th Quarter of 2006.  The highest value in the 4th Quarter for the years 2005-2007 of 34.6 occurred in the 4th Quarter of 2007 on December 20.
	AVERAGE D                     Average based on substituting 4th Quarter 2006 quarterly max for any day that had missing data in the 4th Quarter of 2006.  The 4th Quarter 2006 quarterly max is 14.4 which occurred on November 13, 2006
	AVERAGE E                      Average based on substituting the average of the 4th Quarter values from years 2006 and 2007 for any day that had missing data in the 4th Quarter of 2006.  The average of the 4th Quarter values from the years 2005 and 2007 is 12.31.
	AVERAGE F Average based on substituting the average of the 1st, 2nd, and 3rd Quarters from 2006 for any day that had missing data in the 4th Quarter of 2006.  The average of the 1st, 2nd and 3rd Quarters of 2006 is 11.82.

	2004 98th %
	26.9
	26.9
	26.9
	26.9
	26.9
	26.9

	2005 98th %
	37.3
	37.3
	37.3
	37.3
	37.3
	37.3

	2006 98th %
	27.2
	36.2
	34.6
	27.2
	27.2
	27.2

	2007 98th %
	32.4
	32.4
	32.4
	32.4
	32.4
	32.4

	04-06 Design Value
	30.467 (30)
	33.467 (33)
	32.933 (33)
	30.467 (30)
	30.467 (30)
	30.467 (30)

	05-07 Design Value
	32.3 (32)
	32.3 (32)
	32.3 (32)
	32.3 (32)
	32.3 (32)
	32.3 (32)

	Calculation for 2006 98%
	101 values*0.98 % = 98.98 truncate to interger 98 add 1 = 99 value at 99th ranking is 27.2 so 27.2 is the 98th % for 2006
	118 values *0.98% = 115.64 truncate to interger 115 add 1 = 116 value at 116th ranking is 36.2 so 36.2 is the 98th % for 2006 using this substitution
	118 values *0.98% = 115.64 truncate to interger 115 add 1 = 116 value at 116th ranking is 34.6 so 34.6 is the 98th % for 2006 using this substitution
	118 values *0.98% = 115.64 truncate to interger 115 add 1 = 116 value at 116th ranking is 27.2 so 27.2 is the 98th % for 2006 using this substitution
	118 values *0.98% = 115.64 truncate to interger 115 add 1 = 116 value at 116th ranking is 27.2 so 27.2 is the 98th % for 2006 using this substitution
	118 values *0.98% = 115.64 truncate to interger 115 add 1 = 116 value at 116th ranking is 27.2 so 27.2 is the 98th % for 2006 using this substitution


Highland

During the second and third quarters of 2007 the Highland monitor located in Lake County, Indiana, Site ID 18-089-0027, recorded an overall Valid Data Return (VDR) for PM2.5 of 57% for the second quarter and 74% for the third quarter.  For the remaining quarters of 2007 the Highland monitor had an overall valid VDR over 75% and specifically was 90% for the first quarter; and 86% for the fourth quarter.  According to U.S. EPA guidance, the 2005-2007 design value and monitoring data for the Highland monitor located in Lake County, Indiana is incomplete. The U.S. EPA required VDR is 75%.    

Examining the second and third quarters of 2007 for the Highland monitor, there were 21 total days that had missing data.  13 days in the second quarter and 6 days in the third quarter of 2007 were due to a Power Failure the other two missing days in the third quarter were due to a Collection Error and a Machine Malfunction.  The dates in the second and third quarters of 2007 that the data was missing at the Highland monitor are April 27-30, May 9-15, 27, June 11-30, July 1-17 and September 21 and 30th.  

IDEM conducted an analysis of the missing data during the second and third quarters of 2007 for the Highland monitor and the table below provides a summary of the captured data for 2007 along with alternate methods for evaluating and substituting for the missing data.
	Highland (180890027)

	 
	2nd Quarter AVERAGE A                   Average based on no substitution.  Using this average makes the data incomplete since the required VDR is 75% and the 2nd Quarter 2007 VDR is only 57%.
	2nd Quarter   AVERAGE B                       Average based on substituting historic high value for any day that had missing data in the 3rd Quarter of 2007.  The historic high value of 47 is the highest value that occurred in the 2nd Quarter on June 27, 2005
	2nd Quarter   AVERAGE C                           Average based on substituting highest value that occurred in the 2nd Quarter of the years 2005-2007 for any day that had missing data in the 2nd Quarter of 2007.  The highest value in the 2nd Quarter for the years 2005-2007 of 30.9 occurred in the 2nd Quarter of 2007 on May 30.
	2nd Quarter       AVERAGE D                     Average based on substituting 2nd Quarter 2007 quarterly max for any day that had missing data in the 2nd Quarter of 2007.  The 2nd Quarter 2007 quarterly max is 30.9 which occurred on May 30, 2007
	2nd Quarter    AVERAGE E                      Average based on substituting the average of the 2nd Quarter values from years 2005 and 2006 for any day that had missing data in the 2nd Quarter of 2007.  The average of the 2nd Quarter values from the years 2005 and 2006 is 12.26.
	2nd Quarter     AVERAGE F                        Average based on substituting the average of the 1st, 3rd, and 4th Quarters from 2007 for any day that had missing data in the 2nd Quarter of 2007.  The average of the 1st, 3rd and 4th Quarters of 2007 is 13.66.

	 
	3rd Quarter AVERAGE A                   Average based on no substitution.  Using this average makes the data incomplete since the required VDR is 75% and the 3rd Quarter 2007 VDR is only 74%.
	3rd Quarter   AVERAGE B                       Average based on substituting historic high value for any day that had missing data in the 3rd Quarter of 2007.  The historic high value of 40.9 is the highest value that occurred in the 3rd Quarter on September 8, 2002
	3rd Quarter   AVERAGE C                           Average based on substituting highest value that occurred in the 3rd Quarter of the years 2005-2007 for any day that had missing data in the 3rd Quarter of 2007.  The highest value in the 3rd Quarter for the years 2005-2007 of 34.6 occurred in the 3rd Quarter of 2005 on September 10.
	3rd Quarter     AVERAGE D                     Average based on substituting 3rd Quarter 2007 quarterly max for any day that had missing data in the 3rd Quarter of 2007.  The 3rd Quarter 2007 quarterly max is 27.3 which occurred on August 1, 2007.
	3rd Quarter     AVERAGE E                      Average based on substituting the average of the 3rd Quarter values from years 2005 and 2006 for any day that had missing data in the 3rd Quarter of 2007.  The average of the 3rd Quarter values from the years 2005 and 2006 is 15.62
	3rd Quarter  AVERAGE F                        Average based on substituting the average of the 1st, 2nd, and 4th Quarters from 2007 for any day that had missing data in the 3rd Quarter of 2007.  The average of the 1st, 2nd and 4th Quarters of 2007 is 13.10.

	2004 98th %
	30.1
	30.1
	30.1
	30.1
	30.1
	30.1

	2005 98th %
	37.1
	37.1
	37.1
	37.1
	37.1
	37.1

	2006 98th %
	25.8
	25.8
	25.8
	25.8
	25.8
	25.8

	2007 98th %
	34.1
	47
	34.6
	30.9
	30.9
	30.9

	04-06 Design Value
	31 (31)
	31 (31)
	31 (31)
	31 (31)
	31 (31)
	31 (31)

	05-07 Design Value
	32.333 (32)
	36.633 (37)
	32.5 (33)
	31.267 (31)
	31.267 (31)
	31.267 (31)

	Calculation for 2007 98%
	93 values*0.98 % = 91.14 truncate to interger 91 add 1 = 92 value at 92nd ranking is 34.1 so 34.1 is the 98th % for 2007
	114 values *0.98% = 111.72 truncate to interger 111 add 1 = 112 value at 112th ranking is 47 so 47 is the 98th % for 2007 using this substitution
	114 values *0.98% = 111.72 truncate to interger 111 add 1 = 112 value at 112th ranking is 34.6 so 34.6 is the 98th % for 2007 using this substitution
	114 values *0.98% = 111.72 truncate to interger 111 add 1 = 112 value at 112th ranking is 30.9 so 30.9 is the 98th % for 2007 using this substitution
	114 values *0.98% = 111.72 truncate to interger 111 add 1 = 112 value at 112th ranking is 30.9 so 30.9 is the 98th % for 2007 using this substitution
	114 values *0.98% = 111.72 truncate to interger 111 add 1 = 112 value at 112th ranking is 30.9 so 30.9 is the 98th % for 2007 using this substitution


Michigan City

During the first quarter of 2005 the Michigan City monitor located in LaPorte County, Indiana, Site ID 18-091-0011, recorded an overall Valid Data Return (VDR) for PM2.5 of 73% for the first quarter.  For the remaining quarters of 2005 the Michigan City monitor had an overall valid VDR over 75% and specifically was 87% for the second quarter, 100% for the third quarter and 100% for the fourth quarter.  Also during the third quarter of 2006 the Michigan City monitor recorded an overall VDR of 55% for the third quarter.  For the remaining quarters of 2006 the Michigan City monitor had an overall valid VDR over 75% and specifically was 97% for the first quarter, 83% for the second quarter, and 87% for the fourth quarter.  According to U.S. EPA guidance, the 2005-2007 design value and monitoring data for the Michigan City monitor located in LaPorte County, Indiana is incomplete. The U.S. EPA required VDR is 75%.    

Examining the first quarter of 2005 for the Michigan City monitor, there were 8 total days that had missing data due to various qualifier codes such as Machine Malfunction, Collection Error and Lab Error.  The dates in the first quarter of 2005 that data was missing at the monitor are January 25-31, and February 12-15, 21-27.  The Michigan City monitor had 14 days with missing data in the third quarter of 2006 with various qualifier codes including Machine Malfunction, Power Failure, Construction/Repairs in Area and Collection Error.  The dates in the third quarter of 2006 that the data was missing at the Michigan City monitor are July 13-16, 22-25, August 24, 29 and September 2-5, 11, 23-26.  
IDEM conducted an analysis of the missing data during the first quarter of 2005 and the third quarter of 2006 for the Michigan City monitor and the table below provides a summary of the captured data for 2005 and 2006 along with alternate methods for evaluating and substituting for the missing data.  
	Michigan City (180910011) Data Substituted for 2005 Only

	 
	AVERAGE A                   Average based on no substitution.  Using this average makes the data incomplete since the required VDR is 75% and the 1st Quarter 2005 VDR is only 73%.
	AVERAGE B                       Average based on substituting historic high value for any day that had missing data in the 1st Quarter of 2005.  The historic high value of 48.9 is the highest value that occurred in the 1st Quarter on March 1, 2003
	AVERAGE C                           Average based on substituting highest value that occurred in the 1st Quarter of the years 2005-2007 for any day that had missing data in the 1st Quarter of 2005.  The highest value in the 1st Quarter for the years 2005-2007 is 32.4 which occured on February 3, 2005
	AVERAGE D                     Average based on substituting 1st Quarter 2005 quarterly max for any day that had missing data in the 1st Quarter of 2005.  The 1st Quarter 2005 quarterly max is 32.4 which occurred on February 3, 2005.
	AVERAGE E                      Average based on substituting the average of the 1st Quarter values from years 2006 and 2007 for any day that had missing data in the 1st Quarter of 2005.  The average of the 1st Quarter values from the years 2006 and 2007 is 11.63.
	AVERAGE F                        Average based on substituting the average of the 2nd, 3rd, and 4th Quarters from 2005 for any day that had missing data in the 1st Quarter of 2005.  The average of the 2nd, 3rd and 4th Quarters of 2005 is 14.24.

	2004 98th %
	31.6
	31.6
	31.6
	31.6
	31.6
	31.6

	2005 98th %
	37.5
	48.9
	37.5
	37.5
	37.5
	37.5

	2006 98th %
	25.5
	25.5
	25.5
	25.5
	25.5
	25.5

	2007 98th %
	31.5
	31.5
	31.5
	31.5
	31.5
	31.5

	04-06 Design Value
	31.533 (32)
	35.333 (35)
	31.533 (32)
	31.533 (32)
	31.533 (32)
	31.533 (32)

	05-07 Design Value
	31.5 (32)
	35.3 (35)
	31.5 (32)
	31.5 (32)
	31.5 (32)
	31.5 (32)

	Calculation for 2005 98%
	109 values*0.98 % = 106.82 truncate to interger 106 add 1 = 107 value at 107th ranking is 37.5 so 37.5 is the 98th % for 2005
	117 values *0.98% = 114.66 truncate to interger 114 add 1 = 115 value at 115th ranking is 48.9 so 48.9 is the 98th % for 2005 using this substitution
	117 values *0.98% = 114.66 truncate to interger 114 add 1 = 115 value at 115th ranking is 37.5 so 37.5 is the 98th % for 2005 using this substitution
	117 values *0.98% = 114.66 truncate to interger 114 add 1 = 115 value at 115th ranking is 37.5 so 37.5 is the 98th % for 2005 using this substitution
	117 values *0.98% = 114.66 truncate to interger 114 add 1 = 115 value at 115th ranking is 37.5 so 37.5 is the 98th % for 2005 using this substitution
	117 values *0.98% = 114.66 truncate to interger 114 add 1 = 115 value at 115th ranking is 37.5 so 37.5 is the 98th % for 2005 using this substitution

	
	
	
	
	
	
	


	Michigan City (180910011) Data Substituted for 2006 Only

	
	AVERAGE A                   Average based on no substitution.  Using this average makes the data incomplete since the required VDR is 75% and the 3rd Quarter 2006 VDR is only 55%.
	AVERAGE B                       Average based on substituting historic high value for any day that had missing data in the 3rd Quarter of 2006.  The historic high value of 39.6 is the highest value that occurred in the 3rd Quarter on August 8, 2001.
	AVERAGE C                           Average based on substituting highest value that occurred in the 3rd Quarter of the years 2005-2007 for any day that had missing data in the 3rd Quarter of 2006.  The highest value in the 3rd Quarter for the years 2005-2007 is 37.9 which occured on August 8, 2005
	AVERAGE D                     Average based on substituting 3rd Quarter 2006 quarterly max for any day that had missing data in the 3rd Quarter of 2006.  The 3rd Quarter 2006 quarterly max is 29.5 which occurred on August 18, 2006.
	AVERAGE E                      Average based on substituting the average of the 3rd Quarter values from years 2005 and 2007 for any day that had missing data in the 3rd Quarter of 2006.  The average of the 3rd Quarter values from the years 2005 and 2007 is 13.46.
	AVERAGE F                        Average based on substituting the average of the 1st, 2nd, and 4th Quarters from 2006 for any day that had missing data in the 3rf Quarter of 2006.  The average of the 1st, 2nd, and 4th Quarters of 2006 is 10.32.

	2004 98th %
	31.6
	31.6
	31.6
	31.6
	31.6
	31.6

	2005 98th %
	37.5
	48.9
	37.5
	37.5
	37.5
	37.5

	2006 98th %
	25.5
	39.6
	37.9
	29.5
	25.5
	25.5

	2007 98th %
	31.5
	31.5
	31.5
	31.5
	31.5
	31.5

	04-06 Design Value
	31.533 (32)
	40.033 (40)
	35.667 (36)
	32.867 (33)
	31.533 (32)
	31.533 (32)

	05-07 Design Value
	31.5 (32)
	40 (40)
	35.633 (36)
	32.833 (33)
	31.5 (32)
	31.5 (32)

	Calculation for 2005 98%
	98 values*0.98 % = 96.04 truncate to interger 96 add 1 = 97 value at 97th ranking is 25.5 so 25.5 is the 98th % for 2006
	112 values *0.98% = 109.76 truncate to interger 109 add 1 = 110 value at 110th ranking is 39.6 so 39.6 is the 98th % for 2006 using this substitution
	112 values *0.98% = 109.76 truncate to interger 109 add 1 = 110 value at 110th ranking is 37.9 so 37.9 is the 98th % for 2006 using this substitution
	112 values *0.98% = 109.76 truncate to interger 109 add 1 = 110 value at 110th ranking is 29.5 so 29.5 is the 98th % for 2006 using this substitution
	112 values *0.98% = 109.76 truncate to interger 109 add 1 = 110 value at 110th ranking is 25.5 so 25.5 is the 98th % for 2006 using this substitution
	112 values *0.98% = 109.76 truncate to interger 109 add 1 = 110 value at 110th ranking is 25.5 so 25.5 is the 98th % for 2006 using this substitution


	Michigan City (180910011) 2005 and 2006 Calculations 

	 
	AVERAGE A 2005                  Average based on no substitution.  Using this average makes the data incomplete since the required VDR is 75% and the 1st Quarter 2005 VDR is only 73%.
	AVERAGE B 2005                       Average based on substituting historic high value for any day that had missing data in the 1st Quarter of 2005.  The historic high value of 48.9 is the highest value that occurred in the 1st Quarter on March 1, 2003
	AVERAGE C 2005                           Average based on substituting highest value that occurred in the 1st Quarter of the years 2005-2007 for any day that had missing data in the 1st Quarter of 2005.  The highest value in the 1st Quarter for the years 2005-2007 is 32.4 which occured on February 3, 2005
	AVERAGE D 2005                     Average based on substituting 1st Quarter 2005 quarterly max for any day that had missing data in the 1st Quarter of 2005.  The 1st Quarter 2005 quarterly max is 32.4 which occurred on February 3, 2005.
	AVERAGE E 2005                      Average based on substituting the average of the 1st Quarter values from years 2006 and 2007 for any day that had missing data in the 1st Quarter of 2005.  The average of the 1st Quarter values from the years 2006 and 2007 is 11.63.
	AVERAGE F 2005                        Average based on substituting the average of the 2nd, 3rd, and 4th Quarters from 2005 for any day that had missing data in the 1st Quarter of 2005.  The average of the 2nd, 3rd and 4th Quarters of 2005 is 14.24.

	 
	AVERAGE A 2006                   Average based on no substitution.  Using this average makes the data incomplete since the required VDR is 75% and the 3rd Quarter 2006 VDR is only 55%.
	AVERAGE B 2006                       Average based on substituting historic high value for any day that had missing data in the 3rd Quarter of 2006.  The historic high value of 39.6 is the highest value that occurred in the 3rd Quarter on August 8, 2001.
	AVERAGE C 2006                           Average based on substituting highest value that occurred in the 3rd Quarter of the years 2005-2007 for any day that had missing data in the 3rd Quarter of 2006.  The highest value in the 3rd Quarter for the years 2005-2007 is 37.9 which occured on August 8, 2005
	AVERAGE D 2006                     Average based on substituting 3rd Quarter 2006 quarterly max for any day that had missing data in the 3rd Quarter of 2006.  The 3rd Quarter 2006 quarterly max is 29.5 which occurred on August 18, 2006.
	AVERAGE E 2006                      Average based on substituting the average of the 3rd Quarter values from years 2005 and 2007 for any day that had missing data in the 3rd Quarter of 2006.  The average of the 3rd Quarter values from the years 2005 and 2007 is 13.46.
	AVERAGE F 2006                        Average based on substituting the average of the 1st, 2nd, and 4th Quarters from 2006 for any day that had missing data in the 3rf Quarter of 2006.  The average of the 1st, 2nd, and 4th Quarters of 2006 is 10.32.

	2004 98th %
	31.6
	31.6
	31.6
	31.6
	31.6
	31.6

	2005 98th %
	37.5
	48.9
	37.5
	37.5
	37.5
	37.5

	2006 98th %
	25.5
	39.6
	37.9
	29.5
	25.5
	25.5

	2007 98th %
	31.5
	31.5
	31.5
	31.5
	31.5
	31.5

	04-06 Design Value
	31.533 (31)
	40.033 (40)
	35.667 (36)
	32.867 (33)
	31.533 (31)
	31.533 (31)

	05-07 Design Value
	31.5 (32)
	40 (40)
	35.633 (36)
	32.833 (33)
	31.5 (32)
	31.5 (32)

	Calculation for 2005 98%
	109 values*0.98 % = 106.82 truncate to interger 106 add 1 = 107 value at 107th ranking is 37.5 so 37.5 is the 98th % for 2005
	117 values *0.98% = 114.66 truncate to interger 114 add 1 = 115 value at 115th ranking is 48.9 so 48.9 is the 98th % for 2005 using this substitution
	117 values *0.98% = 114.66 truncate to interger 114 add 1 = 115 value at 115th ranking is 37.5 so 37.5 is the 98th % for 2005 using this substitution
	117 values *0.98% = 114.66 truncate to interger 114 add 1 = 115 value at 115th ranking is 37.5 so 37.5 is the 98th % for 2005 using this substitution
	117 values *0.98% = 114.66 truncate to interger 114 add 1 = 115 value at 115th ranking is 37.5 so 37.5 is the 98th % for 2005 using this substitution
	117 values *0.98% = 114.66 truncate to interger 114 add 1 = 115 value at 115th ranking is 37.5 so 37.5 is the 98th % for 2005 using this substitution

	Calculation for 2006 98%
	98 values*0.98 % = 96.04 truncate to interger 96 add 1 = 97 value at 97th ranking is 25.5 so 25.5 is the 98th % for 2006
	112 values *0.98% = 109.76 truncate to interger 109 add 1 = 110 value at 110th ranking is 39.6 so 39.6 is the 98th % for 2006 using this substitution
	112 values *0.98% = 109.76 truncate to interger 109 add 1 = 110 value at 110th ranking is 37.9 so 37.9 is the 98th % for 2006 using this substitution
	112 values *0.98% = 109.76 truncate to interger 109 add 1 = 110 value at 110th ranking is 29.5 so 29.5 is the 98th % for 2006 using this substitution
	112 values *0.98% = 109.76 truncate to interger 109 add 1 = 110 value at 110th ranking is 25.5 so 25.5 is the 98th % for 2006 using this substitution
	112 values *0.98% = 109.76 truncate to interger 109 add 1 = 110 value at 110th ranking is 25.5 so 25.5 is the 98th % for 2006 using this substitution


Terre Haute-Lafayette St
During the second quarter of 2006 the Terre Haute Lafayette St monitor located in Vigo County, Indiana, Site ID 18-167-0018, recorded an overall Valid Data Return (VDR) for PM2.5 of 73% for the second quarter.  For the remaining quarters of 2006 the Terre Haute Lafayette St monitor had an overall valid VDR over 75% and specifically was 100% for the first quarter; 100% for the third quarter, and 97% for the fourth quarter.  According to U.S. EPA guidance, the 2005-2007 design value and monitoring data for the Terre Haute Lafayette St monitor located in Vigo County, Indiana is incomplete. The U.S. EPA required VDR is 75%.    

Examining the second quarter of 2006 for the Terre Haute monitor, there were 8 total days that had missing data with various qualifier codes including Machine Malfunction, Collection Error, Filter Damage and Power Failure.  The dates in the second quarter of 2006 that the data was missing at the Terre Haute Lafayette St monitor are April 8-11, May 5-8, 14 and June 7, 16-19.  
IDEM conducted an analysis of the missing data during the second quarter of 2006 for the Terre Haute Lafayette St monitor and the table below provides a summary of the captured data for 2006 along with alternate methods for evaluating and substituting for the missing data.  
	Terre Haute Lafayette St (181670018)

	 
	AVERAGE A                   Average based on no substitution.  Using this average makes the data incomplete since the required VDR is 75% and the 2nd Quarter 2006 VDR is only 73%.
	AVERAGE B                       Average based on substituting historic high value for any day that had missing data in the 2nd Quarter of 2006.  The historic high value of 49 is the highest value that occurred in the 2nd Quarter on June 27, 2005
	AVERAGE C                           Average based on substituting highest value that occurred in the 2nd Quarter of the years 2005-2007 for any day that had missing data in the 2nd Quarter of 2006.  The highest value in the 2nd Quarter for the years 2005-2007 is 49 which occured on June 27, 2005
	AVERAGE D                     Average based on substituting 2nd Quarter 2006 quarterly max for any day that had missing data in the 2nd Quarter of 2006.  The 2nd Quarter 2006 quarterly max is 23.6 which occurred on May 29, 2006.
	AVERAGE E                      Average based on substituting the average of the 2nd Quarter values from years 2005 and 2007 for any day that had missing data in the 2nd Quarter of 2006.  The average of the 2nd Quarter values from the years 2005 and 2007  is 12.53.
	AVERAGE F                        Average based on substituting the average of the 1st, 3rd, and 4th Quarters from 2006 for any day that had missing data in the 2nd Quarter of 2006.  The average of the 1st, 3rd and 4th Quarters of 2006 is 13.40.

	2004 98th %
	26.9
	26.9
	26.9
	26.9
	26.9
	26.9

	2005 98th %
	43.1
	43.1
	43.1
	43.1
	43.1
	43.1

	2006 98th %
	31
	49
	49
	31
	31
	31

	2007 98th %
	31
	31
	31
	31
	31
	31

	04-06 Design Value
	33.667 (34)
	39.667 (40)
	39.667 (40)
	33.667 (34)
	33.667 (34)
	33.667 (34)

	05-07 Design Value
	35.033 (35)
	41.033 (41)
	41.033 (41)
	35.033 (35)
	35.033 (35)
	35.033 (35)

	Calculation for 2005 98%
	113 values*0.98 % = 110.74 truncate to interger 110 add 1 = 111 value at 111th ranking is 31 so 31 is the 98th % for 2006
	121 values *0.98% = 118.58 truncate to interger 118 add 1 = 119 value at 119th ranking is 49 so 49 is the 98th % for 2006 using this substitution
	121 values *0.98% = 118.58 truncate to interger 118 add 1 = 119 value at 119th ranking is 49 so 49 is the 98th % for 2006 using this substitution
	121 values *0.98% = 118.58 truncate to interger 118 add 1 = 119 value at 119th ranking is 31 so 31 is the 98th % for 2006 using this substitution
	121 values *0.98% = 118.58 truncate to interger 118 add 1 = 119 value at 119th ranking is 31 so 31 is the 98th % for 2006 using this substitution
	121 values *0.98% = 118.58 truncate to interger 118 add 1 = 119 value at 119th ranking is 31 so 31 is the 98th % for 2006 using this substitution


Substituting for Missing Data (Averages B-F)

The substitution procedure for data below the required 75% VDR is a conservative mechanism to ascertain the likelihood that a site would meet or not meet the standards if the site had collected the 75% criteria.  The incomplete design value identified as Average A is more indicative of the monitor’s air shed than the artificial recalculated design values explained below.  

Average A:  Three-year average based on no substitution, calculated according to U.S. EPA guidance.  Using this average makes the data incomplete since the required VDR is 75%.  U.S. EPA states that the incomplete design value is still identified as the monitors true design value.  

Averages B and C:  Three-year averages based on substitution, calculated according to U.S. EPA guidance.  For Average B the historic high value was substituted for any day that had missing data.  For Average C the highest value from the years 2005-2007 was substituted for any day that had missing data.  Using Average B provides conservative numbers by using the highest values ever recorded for a particular quarter which in most cases produces a value that is over the standard.  Using Average C provides more current data than Average B by using the highs from the 3-year design period.  It is IDEM’s understanding that U.S. EPA is starting to use this calculation rather than Average B.  In this case, however it is not as conservative as Average B and in some cases it makes the three-year averages over the standard.  

Averages D, E and F:  Three-year averages based on substitution.  For Average D the quarterly max was substituted for any day that had missing data.  Average E substituted the average of the quarters from the other two years for any missing data and Average F substituted the average of the other three quarters for the missing data.  In this case, Averages D, E and F are not as conservative as Averages B and C and results in values below the daily standard.  
Conclusions

Nine PM2.5 monitoring sites in Indiana produced data for 2005-2007 that is deemed incomplete due to missing data, meaning that the 2005-2007 average value cannot be truly determined.  Four of those monitors (Jasper Sports Complex, Jasper Golf Course, Gary Water Plant and South Bend Shields Dr) have only been monitoring for a short amount of time and do not have three years of data to determine the 2005-2007 design value.  The other five monitors (Shenandoah, Elkhart, Highland, Michigan City and Terre Haute-Lafayette St) deemed incomplete have periods of missing data due to various reasons.  

U.S. EPA guidance recommends substituting the quarterly maximum value (Averages B and C which is the worst-case scenario) which in most cases results in the values being above the standard.  However, IDEM does not believe that the substitutions in the scenarios above necessarily result in a value representative of the PM2.5 concentrations registered at the monitors.  
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